This study aimed to explore challenges underlying seniors' adoption of assistive robots. A systematic literature review involved three stages: the first two stages focused on identifying and selecting relevant papers, followed by extracting and analyzing data from selected papers. Analysis revealed several issues which were categorized based on robot type: rehabilitation or socially assistive. Negative influences related to seniors' concerns about cost, design issues, negative perceptions, safety and privacy concerns; positive influences included ease of use and potential benefits.
Introduction
Australia and other countries worldwide are facing a "greying population". 1 The proportion of Australians aged over 65 years was 13.5% of 22.5 million people in 2010, and forecast to reach 22.7% of 35.9 million people by the year 2050. 1 The rapid increase in seniors raises many challenges for communities and the Australian healthcare system, including demand for healthcare services for people experiencing deteriorating health, physical and psychological abilities, and the limited number of healthcare staff. 2 Development in robotic technologies to potentially promote physical and emotional wellbeing of seniors and reduce the workload of healthcare staff has attracted enthusiasm from researchers around the world. 2 Previously, the term 'assistive robot' was defined as a robot that can help a disabled person in their daily life. 3 However, that definition does not encompass the range of functionalities of an assistive robot. The term was more recent defined to include two kinds of assistive robots for seniors: rehabilitation and socially assistive robots. 4 Rehabilitation robots can be used as treatment devices for upper and lower extremity rehabilitation, for example, semiautonomous prostheses. 5 Robots can be used in a series of rehabilitation therapies to restore functionality of limbs in individuals with stroke, brain trauma or neuromotor disorders. 5 Furthermore, they can be used as physical and mobility supports for people with non-functioning limbs or after amputation. 5 Socially assistive robots can be used for social interaction, for example, companionship or service. 4 The majority of companionship robots are in the form of a pet to enable mutual affection. 4 These robots can help enhance health and psychological wellbeing of seniors. 4 Service robots are designed to assist seniors in their daily activities such as eating, housework or medication reminders, potentially helping seniors to remain at home for longer. 4 For example, when part of a cognitive stimulation program, a robot can act as a cognitive prosthesis by reminding the patient to take correct doses of medication on time and to attend appointments. 6 Despite the fact that assistive robots are being created to support the needs of seniors, adoption of such systems is still in its infancy and remains questionable. 2 A recent study showed that seniors in aged care facilities refused or resisted to adopt assistive robots, thereby causing robot production to be discontinued. 2 A reasonable explanation for this might be that researchers and developers do not yet fully understand seniors' preferences and needs related to assistive robots. 2 To date, robotic studies have focused on the development and use of assistive robots for frail and disabled seniors, but there is a paucity of research investigating the challenges and success factors of seniors adopting assistive robots. Gaining more acceptance and adoption by the older population is important for effective use of the assistive robot. According to a report by Gurley et al., 7 around one third of existing assistive technologies are neglected after being used for one year. In addition, due to time and financial constraints, assistive technology developers do not always conduct market acceptance trials with targeted customers, in this case, seniors. To address this knowledge gap, this systematic review investigates the critical challenges influencing seniors' adoption of assistive robots.
Methodology

Fig. 1. Identification of resources and search strategy
This systematic review complied with the Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) statement and guidelines. 8 The methodology is summarized in Figure 1. 
Identification of Resources and Search Strategy
For this review, we selected scientific papers from two different sources: electronic databases and citation searches of selected papers. A total of nine databases (CINAHL, ERIC, EMBASE, IEEE Xplorer, MEDLINE, Proquest Central, PubMed, PsycINFO, and Web of Science) were selected as being the most frequently used in our research community, providing access to research with in-depth understanding of the current position of assistive robots in an aging society, defined as a large number of citations retrieved from those databases. In order to conduct an extensive and comprehensive search of the literature, we selected the following keywords closely related to the objectives of our research: assistive robots, assistive technology or robotics system; older people, elderly or seniors; and aged care or nursing home. The search was carried out by using the above identified keywords in combination with Boolean connectors (AND, OR). As the use of assistive robots among seniors is still in its infancy, the literature search was limited to studies published between January 2005 and December 2015. All retrieved papers (n=2695) were stored in JabRef (an open source bibliography reference manager). Duplicates were removed if: the same paper was listed on more than one database (Type I); the same research was published in different venues (e.g. journals, conference proceedings; Type II). Papers with the same titles or the same authors were also removed. At the end of this process, 1354 papers were selected after removing 1341 all duplicate papers (as shown in Figure 1 ).
Selection of Relevant Papers
In the first stage of screening, papers written in English were scanned for keywords in the titles, abstracts and list of keywords, resulting in 341 papers for further review. In the second stage, two investigators independently reviewed the full-text published papers for their relevance to the objective of this systematic review; 50 papers were included as they discussed the main challenges in the adoption of assistive robots among seniors. Subsequently, the bibliography of each selected paper was used to identify a further 20 papers that were relevant but had not been retrieved in the initial database search. A total of 70 papers were therefore selected for review (as shown in Figure 1 ).
Data Extraction and Analysis
Two reviewers worked independently to extract the following information from the 70 papers included in the systematic review: 1) aims and objectives of the study; 2) types of assistive robots included in the study; 3) chosen study methodologies; and 4) any challenges associated with the adoption of assistive robots among seniors. Identified challenges/issues were clustered and labeled on the basis of their similarities. This assessment and labeling process was repeated iteratively until consensus was reached on cluster labels. At the end of this phase, identified challenges were then grouped into two categories related to challenges associated with adoption of 1) rehabilitation robots and 2) socially assistive robots. Of the selected papers (n=70), the majority (49/70; 70%) were empirical studies, followed by literature reviews and discussion papers (as shown in Figure 2 ). In the empirical papers, participants were asked to interact with a robot for a period of time (several minutes to months). A 'robot-acceptance measurement' was assessed via various strategies across the papers, including qualitative, quantitative and mixed-method approaches. Most of the selected papers adopted mixedmethods to address a lack of qualitative research. The papers related to studies conducted mainly in Europe (33/70; 47%) or America (21/70; 30%), when compared with other continents (as shown in Figure 3 ).
Results
Demographics of Selected Papers
The Challenges for Rehabilitation Robots
As shown in Figure 4 , when reviewing the challenges that affected acceptance of rehabilitation robots among seniors in these papers, multiple variables emerged, including: 1) behavioral issues; 2) technological issues; 3) costs; and 4) safety concerns. 
Behavioral Issues
Twenty-two seniors were recruited to investigate the feasibility of hybrid assistive limb (HAL) rehabilitation. 9 The HAL suit was created to support seniors with muscle weakness or impaired motor function and retrain lower extremity function following stroke. The study showed that 28% of the participants (six seniors) refused to continue and withdrew from the HAL rehabilitation program due to depression. In a different study that investigated the use of a robotic wheelchair to assist people with mobility problems, some participants felt depressed and asked for assistance in completing the study tasks. 10 In contrast, a positive experience with a rehabilitation robot could effectively encourage less motivated individuals to complete their rehabilitation program. [11] [12] For instance, in the study conducted by Ozaki et al., 12 eight older volunteers with gait disturbance were recruited to evaluate the efficacy of postural therapy with a personal transport assistance robot (PTAR); volunteers had therapeutic exercises while playing video games. Researchers believed that the combination of rehabilitation robots and video games or virtual environment could bring a sense of excitement. At the end of the study, most of the participants preferred PTAR training than traditional methods and reported a high level of enjoyment. 
Technological Issues
In the case of design issues, physical disabilities may affect individuals' capabilities with robots, for instance, in terms of auditory sensitivity, color vision, finger or hand movement control, posture and balance changes, and speed response. 5 Findings have shown that seniors preferred to have rehabilitation robots with simple features to support their physical disabilities. 5, 10, [13] [14] In the case of mobility problems due to aging, seniors may benefit from power or robotic wheelchairs. 10 In experiments with a robotic wheelchair called CARMEN, older volunteers stated that they could easily control the robotic wheelchair and preferred it over a conventional power wheelchair (PW). 10 In another study, an intelligent PW was equipped with an obstacle avoidance feature to enable seniors to navigate and control robotic wheelchairs in crowds or small spaces, including narrow store aisles and public bathrooms. 13 However, a hidden danger that clinicians are becoming concerned about is the loss of residual capabilities due to excessive assistance via robotic wheelchairs. To counter this, an adaptive collaborative control can be fitted, so disabled seniors can directly customize robotics wheelchair systems based on current health status and skill in controlling the wheelchair. 10 Another crucial challenge when designing rehabilitation robots is the controller design. 5 The ideal controller of rehabilitation robots should allow easy operation and support natural movements of the user, with minimal ethical consequences. 5 In the case of stroke rehabilitation, the manipulator of the robot was attached to the forearms of senior participants and complex movements decomposed into sub-movements for robot control.
14 As a consequence, seniors were able to perform full-range movements. 14 The latest trend in rehabilitation robots is the capability of a robot to learn new techniques and to detect and recognize objects. 5 Some of the latest developments are haptic interfaces, voice and facial recognition, mood and emotional state recognition. 5 Future studies may be directed to the mapping of electromyographic (EMG) signals to muscle activations 15 and the development of an autonomous robot that could facilitate the special needs and preferences of seniors with cognitive decline. 16 
Costs
The cost of rehabilitation robots can significantly affect the adoption of technology among seniors. Some rehabilitation robots can be operated without assistance, whereas others require patients to perform prescribed treatments under direct supervision, which means additional costs for their services. 5 Seniors must consider the hidden costs of having rehabilitation robots within their residential environment (for example, costs associated with installation, operation, maintenance, troubleshooting and one-on-one treatment sessions).
Lo et al. 17 found the average total costs of 36 weeks of robot-assisted versus intensive therapy were $17,831 and $19,746, respectively. In contrast, a six-week study by Schoone et al. 14 showed that a rehabilitation robot called ACRE, for enhancing upper limb therapy services, was more expensive than conventional care, at €644.41 vs. €423.74. A possible solution to this issue is to create two versions of rehabilitation robots: 1) a comprehensive and adaptable version for large rehabilitation centers and 2) a low-cost, simplified version for residential use.
Safety Concerns
One advantage of using rehabilitation robots is that a robot can provide consistent and repeatable training with minimal effort. Rehabilitation robots are created to augment, not substitute, the work of qualified therapists. Studies have highlighted the effect of robot-aided therapy on maximizing recovery from injuries 11, [18] [19] [20] and reducing the workload of professional therapists. 21 However, regardless of the benefits, the risk of proximity accidents exists due to the fact that individuals with upper and lower extremity impairments need to have direct contact with therapy robots. When designing rehabilitation robots, the safety of users should be of utmost concern to the researchers. 22 Rushton et al. 13 highlighted that a PW might be removed and replaced with a manual wheelchair by caregivers due to safety concerns. Most of the participants in their study encountered accidents while driving the PW due to environmental barriers (including curbs, inaccessible buildings, uneven footpaths and uneven ground). Meadmore et al. 23 reported one participant experienced shoulder muscle ache and hand and wrist pains. Researchers need to ensure that a therapy robot is designed correctly and does not permit limb movements that are outside an individual's range of motion to avoid injuries during therapy sessions. 
The Challenges for Socially Assistive Robots
Acceptance of socially assistive robots among seniors was affected by multiple variables, including individual characteristics, behavioral issues, technological issues (design issues, system integration, multifunctional robots and usability), costs, and privacy concerns (as shown in Figure 5 ). 
Individual Characteristics
Various studies found that age [24] [25] and gender differences in personality [26] [27] might be influence seniors' willingness to accept social robots in residential environments. A recent study showed that older men are eager to learn how to use either companion-type or service-type robots and had higher computer selfefficacy when compared with older women. 27 A number of research papers highlighted the relationship between the educational and technological background of users and robot acceptance.
25,28-29 Sorri et al. 29 reported that 'tech-savvy' seniors tend to adopt this socially assitive robot due to their advanced knowledge and experience with technology. Moreover people with higher educational backgrounds were less perceived to the existence of the robot as a social entity. 25 In contrast, Louie et al. 30 found no significant correlation between knowledge of computerized equipment and perceived ease of use.
Behavioral Issues
Various studies investigated positive and negative attitudes towards the use of socially assistive robots among seniors. [31] [32] [33] [34] [35] Nomura and Sasa 36 found that seniors were more open-minded when compared with university students and treated assistive robots as social entities. However, some seniors rejected the use of social robots due to uncomfortable feelings of anxiety, boredom, confusion, frustration or impatience when interacting with a social robot.
27,33,37-39 Wu et al. 33 reported that seniors felt embarrassed and uncomfortable in using robot for assistance because they feared being labeled as handicapped. Frail seniors were concerned about being dependent 40 or over-reliant. 41 They also worried that the availability of social robots posed risks of increased loneliness, 34 social isolation, [42] [43] [44] [45] inactivity or laziness. 44 Additionally, Huschilt and Clune 41 reported that people with dementia may become agitated and/or angry if robots malfunctioned and required repair or replacement. Some senior participants reported negative view of robots as frightening or dangerous in another study. 34 Countering these negative situations, Beer et al. 46 recommended adding features to establish dynamic interactions between assistive robots and users. Seniors could maintain active lifestyles and cope with their limitations via assistance from the robots. Other studies also have emphasized the importance of having a robot that can be adjusted based on individuals needs and performances, since age-related health decline may affect the physical function of seniors. 27 User attitudes may also have be affected by feedback from family members or caregivers. Broadbent et al. 2 reported that healthcare workers expressed concerns around losing their jobs because of assistive robots, and family members of seniors felt uneasy about the possibility of workers being replaced by robots. The same study found limited knowledge of robotic technology could cause job insecurity among healthcare professionals. In addition, both caregivers and relatives may have doubts about the quality of healthcare services provided by a robot. In that situation, family caregivers felt robots must not replace humans when performing care activities and should only be considered as a 'helper'. 35 
Technological Issues
• Design issues Several studies found that seniors' viewpoints were more polarized when discussing features of robots. Seniors have different impressions of preferred robot size; a small robot can create a tripping hazard.
2 while a larger robot may not fit in small areas. 44, [47] [48] [49] [50] A midsized robot was preferred, with the height between 1.25 m and 1.50 m. 2, 51 In addition, robots must be sufficiently stable and reliable to perform different kinds of activities 51 and to provide support for seniors who need assistance in maintaining balance, in the case of slips and trips.
2,44 Broadbent et al. 2 stated that the preferred colors were silver, gold or white.
The shape of robots is another topic of discussion in.
2,39. 47 Hutson et al. 47 found some seniors were dissatisfied with pet-like companionship robots and expressed high expectations that a robot would mimic real behavior of an animal. Seniors also preferred to have a machine-like robot rather than a humanoid robot, 2 perhaps because seniors saw robots as non-living mechanical objects that should not replace a human presence. In contrast, seniors in a different study preferred to interact with a robot that was more human in shape. 28 Socially assistive robots for seniors must include a verbal communication feature for a sense of togetherness. 52 Some seniors have difficulty hearing a synthesized voice 37 and preferred a male rather than female voice. 2, 27 The voice of a robot should be clear, 2, 50 soft 49 and have a neutral accent. In addition, improper audio transmission from a robot might cause interference with hearing aids. 55 Other things to consider when designing socially assistive robots are: clearly visible screens, which can be activated when needed; 2 large buttons; 2,50 larger icons without text displayed on the screen rather than smaller icons with the app names; 56 and capability to recognize speech commands under noisy conditions.
2,57
• System integration To be adopted, technologies must be capable of fitting seamlessly into daily living activities, including for seniors. 25, 40, 58 Seniors showed a preference for robots that can be adjusted to suit individual skills and needs, 36, 45 appropriate when age-related health decline may affect the physical and psychological status of older adults. 37 To address this, one study proposed a semi-automatic adjustment mechanism for assistive robots so that users can have full control.
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• Multi-functional robots Most socially assistive robots can act as either a servicetype robot or a companionship robot, but not a combination of two. However, it must be considered that seniors require both care assistance and social interactions. 60 Thus, features of an ideal robot would include: an alert system, 35, 61 fall detection system, 4, 51 medication reminder 62 and multimedia messenger. 63 A project called "Domeo" aimed to ensure seniors could remain at home for longer by using a service-type robot (called "Kompai") for care assistance. 35 The functionalities of the robot connected the user with their family through verbal and visual interactions, sending a video stream in the case of dangerous situations, providing stimulation when the user performed physical exercises, and observing the user's behavior. 35 Cesta et al. 64 reported a positive reaction from seniors regarding the use of a proactive robot in emergency situations. In contrast, Zsiga et al. 35 found that seniors showed some concerns related to slow response of robots during a dangerous situation.
In the case of medication reminder, Prakash et al. 62 outlined that even though seniors preferred to be reminded about medication by a robot, they still demanded assistance with taking medication to preempt, and prevent, potential mistakes by robots. Several studies have highlighted the importance of robot butlers or robot servants in the daily activities of seniors. 45, 51, 61, 63 However, there are some issues with household robots that should be anticipated, for instance, failure of the robot's operation could damage the residence. 46 Regardless of potential benefits offered by socially assistive robots, seniors argued that a robot is not needed to manage daily activities, 34 since those functionalities are already provided by other, existing commercial products, such as mobile phones and global positioning systems (GPS).
• Usability Few studies have emphasized the importance of developing an assistive robot that was easy to use for seniors, with or without technical knowledge. 25, 27, 41, 48 Frennert et al. 44 suggested that an assistive robot may not be easy to use by seniors, especially if a user has a history of severe cognitive impairment, which could lead to inability to learn new things.
Seelye et al. 61 proposed using a telepresence robot to enable active communication between seniors and their relatives. Findings from the study were that some participants felt slightly confused when operating handheld remotes and one participant with mild cognitive impairment found that controlling the robot was sometimes quite overwhelming due to its complexity.
Costs
The current cost to purchase, install and manage a robot is still quite expensive, 32, 66 beyond the capacity of many seniors, who tend to carefully consider financial decisions. 65 It must be understood that immediate benefits of robotic technologies are few and future costsaving cannot be forecast in the short term. 66 In other words, technology adoption can be hindered by an imbalance between real costs and prospective values.
Privacy Concerns
Privacy concerns are heightened in settings for seniors, such as a surveillance robot in a residential environment 61 or retirement village. 2 For example. Broadbent and colleagues 2 reported that most older participants in their study rejected the use of a robot for continuous monitoring activities. In addition, Feil-Seifer et al. 42 demonstrated that an accidental violation of privacy may occur when an assistive robot is incapable of differentiating between confidential data and general information shared by a user. This is due to the fact that older participants were not fully aware about information collected from their residential environment 67 and the fact that the system may or may not be accessed by users. 31 Autonomy must be granted to users to solve these privacy concerns. 61 Seniors should be able to decide who can directly contact them, for example, through mobile robotic telepresence, as demonstrated in the ORCATECH Living Laboratory project. 61 Moreover, it was recommended that a surveillance robot must be accompanied by a specific formulated policy to ensure privacy rights of seniors are protected within a residential environment. 
Discussion
Research has shown that the growth of assistive robots for seniors is inevitable and can provide significant changes in the delivery of rehabilitation [19] [20] and wellbeing services. 43 Although assistive robots are designed so that features are most useful for end users, it must be noted that failure to adopt a robot may be due to social stigmatization or a lack of understanding of seniors' needs and preferences for assistive robots. Based on our review, only 14.3% of the selected studies included a qualitative evaluation of acceptance of assistive robots among seniors. Qualitative studies can provide more information with respect to the nuances and context of particular problems in this area. Moreover, only 14.3% of the selected studies were conducted in Asian countries. We believe that this geographical distribution reflects the fact that Westerners tend to adopt the use of robots around residential and/or aged care facilities. Further studies in developing countries are required to investigate how culture affects adoption of assistive robots among seniors.
Rehabilitation Robots
In the case of rehabilitation robots, the key driver among seniors is their perceived value of technology, since their decisions are often based solely on desired impacts. A number of studies reviewed indicated that the use of robot-assisted therapy for upper-limb rehabilitation lead to improvements of the hand, wrist and elbow motor functions. [19] [20] Conversely, a study by Pang et al. 68 revealed that seniors with severe impairment of upper extremity function showed no improvement even after attending 57 robot-assisted therapy sessions over a 19-week period.
Moreover, it is highly preferable to build a user interface that is easy to operate and that provides more natural and friendly man-machine interactions for better acceptance. 69 Nowadays, developing user interfaces that address the varying needs of different users is completed via trial and error. There is therefore a need to implement artificial intelligence in rehabilitation robots that automatically tailor the rehabilitation process to the needs and specific physical conditions of disabled seniors. 5 In addition, more natural interactions between human and rehabilitation robots can be achieved by equipping the robots with short-term memory, longterm storage, words and language databases. 5 To minimize risk of impairments and injuries, recent designs have focused on constructing low-power, lightweight rehabilitation robots to allow users to perform therapeutic movements at a preferred pace. 5 Moreover, these robots have built in backup and restore functionalities in the case of a malfunction. 5 However, Bemelmans et al. 70 reported that these additional features still do not guarantee a 100% level of safety. Additionally, rehabilitation robots should be capable of self-learning and self-adaptation so that they can deal with unexpected situations and can be fitted specifically to each individual's special needs. 5 Clearly many questions have been left unanswered in the literature. For instance, the efficacy of robotassisted rehabilitation therapy when compared with conventional therapy. More studies are needed to determine whether conventional therapy is comparable or superior to robot-assisted therapy and whether a combination of the two methods would achieve optimal rehabilitation outcomes.
To elicit the best outcomes of rehabilitation, some studies have suggested combining rehabilitation robots with motivational games, to increase a patient's willingness to complete rehabilitation processes.
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The challenges and difficulty level in motivational games must gradually increase to maintain the interest and motivation of patients throughout rehabilitation sessions. 71 Furthermore, healthcare staff can incorporate rewards or acknowledgements every time a patient completes games. 71 This form of positive reinforcement allows patients to feel satisfied and accomplished. 71 Also, they are more likely to get more intensive therapy sessions. 71 One of most interesting findings of this review was that in socially assistive robots, privacy issues and individual characteristics are of interest, while this is not the case for rehabilitation robots. We believe this to be expected and this idea has been noted previously in adoption of assistive technologies for aged care. For example, adoption could be related to context whereby a person with chronic disease may deliberately adopt technology to help manage his/her conditions. If a person is suffering a chronic disease (for example dementia), they will be much more open to adopting and using rehabilitation robots for cognitive therapy. 16 In a study conducted by Schoone et al., 14 therapeutic treatment of upper limbs was performed using the ACRE robotic device while a therapist sat next to participants to ensure the therapy treatment was safe and effective. This means seniors without prior knowledge of rehabilitation robots were still able to perform rehabilitative training through the use of a robot.
Finally, this systematic review revealed that most of the selected publications are focused on the socially assistive robots (50 out of 70 studies). We suggest researchers could conduct more studies in system integration and usability of rehabilitation robots as perceived by seniors, and the relationship between acceptance of rehabilitation robots and demographic attributes of seniors (age, educational and technological background, and gender).
Socially Assistive Robots
In the case of socially assistive robots, Sharkey et al. 43 expressed concerns that the use of assistive robots could lead to ethical issues. Specifically, the reduction in social contact between seniors and their family members, and the potential isolation and neglect of seniors by communities may be more prevalent than before. 43 This situation could happen if family members start to believe that robots can provide both physical and emotional supports for seniors and therefore neglect their parents. Family members should understand that these robots provide many benefits, but cannot substitute interpersonal relationships and social connections.
In term of cost and workforce issues, seniors and their family members may want to consider the following few points before adopting socially assistive robots: the cost effectiveness of using those robots; the workforce reduction in the healthcare industry; and the workforce demand in a technical field. 72 First of all, they need to compare the costs that would have been involved if they chose to use socially assistive robots rather than to employ healthcare staff. 72 The cost of using robots would include: cost of home modification; installation cost; recurring costs, such as electricity and Internet bills, ongoing maintenance/ troubleshooting, subscription fees; and hidden costs, such as insurance for faulty robots leading to damage, bodily harm, or impairment of quality of life. Secondly, they also need to consider an alternative solution beside socially assistive robots to solve the potential healthcare workforce shortage. 72 As an illustration, they may need to take account of the benefits of recruiting, for example, unemployed youth for senior companionship. The younger generation may relish such jobs and the required skills can be obtained, developed and improved through training courses in aged care services.
Socially assistive robots can also be used to ease the burden on nursing staff, for instance: to safely move a senior stroke survivor from a bed to a wheelchair; 73 to safely guide a senior person with vision impairment to move around their house or aged care facility; 74 or to improve brain functionality for seniors with dementia by accompanying them to play memory games. 27 There are certain situations and case scenarios where socially assistive robots may be more desirable than healthcare professionals, for instance, some careers may lose their patience or temper more frequently when dealing with ornery people, while a robot will not. 72 By collaborating with professional staff, socially assistive robots can effectively maintain the health, safety and wellbeing of seniors. These professional staff could still be responsible for remotely controlling and monitoring the functionality of semi-autonomous robots via an Internet connection. 72 The sustainability of socially assistive robots is the third aspect that needs to be considered when placing robots in non-technical environments. 72 Some houses are not equipped for high technology support and may be located in rural areas. 72 In that situation, technicians would need to travel quite long distances for installation, ongoing maintenance and troubleshooting. 72 The applicable robotic system must be designed and constructed so that the technicians can remotely configure and troubleshoot the system over the Internet after the completion of installation. 72 In terms of privacy considerations, it is crucial that full autonomy be granted to the user to avoid any intrusions on the privacy data of seniors. 42 All sensitive data related to senior volunteers in clinical studies (for instance, identities and health records) must be stored securely and could only be accessed by authorized parties. 42 The above-discussed challenges are coupled with the fact that many robot developers have deep-rooted, stereotypical views of seniors as frail or senile, which makes them unable to design assistive robots that fulfill the real needs of seniors. 75 This view contrasts with the reality that a heterogeneous group of seniors may include many 'technogenarians', when considering their age and sex, level of education, an previous experience with technology. 25, 27, 29 Robotic researchers and developers need to be more open-minded about the diversity of older generations 75 and involve them in the development process for better acceptance during implementation. 32, 76 One of the most important factors that influences seniors' decisions whether to accept the existence of a robot in the residential environment is the robot's potential benefits. 24 Researchers and developers need to highlight the advantages of using a robot and provide a series of enjoyable training sessions for senior users. 77 For instance, the expected benefits of using socially assistive robots are to support independence and give meaning, 35 provide comfort and safety for seniors and their family members, 35 minimize loneliness, 61 reduce the incidence of skipped medication, 62 and improve awareness after falls or injuries. 4, 51 So then, in the future, it will greatly enhance the user acceptance and adoption of robots.
Study Limitations
This review, like any literature review, is highly dependent on the keywords that were chosen and the databases selected. To minimize this, we conducted a background and exploratory study prior to our review to ensure selection bias was avoided as much as possible. In addition, because our reviews embraced complexity and sought to map out the operation of multiple challenges, the search was quite broad. However, we could still only cover a limited number of papers, published between 2005 and 2016, inclusive. The selected papers also only considered the seniors' perspectives toward the concept of using assistive robots to improve their quality of life. Although this decision was made in order to focus on the study of recent developments in the field, it is still arguable that authors may have missed valuable robot adoption approaches that are applicable to today's older population.
Future research could also include papers that examined the perspectives of seniors' family members and healthcare providers towards the use of assistive robots for seniors. Family members and healthcare providers are actively involved in providing care to seniors and their feedback can be useful to developing and adopting assistive robots in residential and aged care settings. Moreover, before implementing assistive robots in aged care systems, it is important to completely understand the aged care workflow and how assistive robots can be used to improve the effectiveness of delivering aged care services worldwide.
Conclusion
This systematic review provides an in-depth understanding of challenges related to the adoption of assistive robots among seniors. Our review highlights that the availability of technologies that indirectly portray seniors as frail and requiring continuous care can be a major factor in why seniors are not ready to adopt robotic technology. Assistive robots that target seniors must preserve the dignity of seniors as well as prolong their independence. 78 We believe that the challenges of adopting assistive robotic technologies among seniors were more significantly related to sociotechnical 79 and economical 32 aspects rather than individual characteristics like age and gender.
The knowledge gained from this review will be valuable for system designers and developers, specifically regarding assistive robots to accommodate the needs of seniors with and without physical and psychological impairments. Furthermore, this systematic review can disseminate information to therapists and healthcare staff on salient factors that affect seniors adopting assistive robots. It is hoped that healthcare professionals will be able to select the right robot based on the current health status and needs of seniors and provide more feedback to developers and researchers to improve design of assistive robots.
Currently, our research group is investigating the barriers and driving factors when implementing a telepresence system to care for seniors, which consists of mobile robotic telepresence, a fall detector and a medication adherence device. It is expected that the outcomes of the project will lead to better awareness and acceptance of assistive technologies within this aging population.
